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http://dxBackground:Knowledge of heart valve vascularity is an important factor for understanding the valvular pathol-
ogy and to develop tissue-engineered valves for repair procedures. Some investigators believe that blood vessels
may exist in normal human heart valves whereas some recent publications have proposed that the presence of
blood vessels in the valves is secondary to inflammation.
Methods: Tissues from 60 normal formalin-fixed human hearts were examined microscopically for type,
location, and number of vessels in atrioventricular valves. The age of the patient ranged from 10 to 70 years,
and an attempt was made to study the age-related morphologic changes in atrioventricular valves.
Results: Of the 60 tricuspid and 60 mitral valves examined, 12 tricuspid (20%) and 14 mitral (23.33%) valves
were found to have vessels without the presence of an inflammatory process. In tricuspid valves the vessels were
observed mainly in the fibrosa layer with a range of 1 to 4 vessels, whereas in mitral valves the vessels were
situated mainly in the spongiosa layer with a range of 1 to 2 vessels. The maximum vascularity was seen in
the fourth decade of life, in which the vessels were found in 40% of both tricuspid and mitral valves. The
mean transverse diameter of these vessels was 0.23  0.18 mm, with a range of 0.06 to 0.79 mm in tricuspid
valves, whereas it was 0.15  0.08 mm, with a range of 0.04 to 0.4 mm in mitral valves. The capillaries (3-
11 capillaries) were found scattered in the fibrosa and spongiosa with an average lumen area of 0.39 0.18 mm2.
Conclusions: The blood vessels in atrioventricular valves also can be seen in the absence of inflammation and
are likely to be a necessary component of valve leaflets. Thus, when performing procedures involving in situ
tissue engineering and valve repair the physician needs to be aware of the presence of these vessels in human
heart valves. (J Thorac Cardiovasc Surg 2014;147:517-21)Heart valves traditionally were thought to be avascular.1
Luschka2 was the first to show that heart valves contain
a network of vessels in their broad portions, with small ves-
sels running in their line of coaptation and a few vessels in
their chordate tendinae. This led to a debate regarding the
presence of vessels in mature, normal human heart valves.3
In many research reports, investigators have held to the be-
lief that blood vessels may exist in normal human heart
valves,4,5 whereas some publications have proposed that
the presence of blood vessels in the valves is of pathologic
origin.6-8 It has been suggested that the valves normally
are nonvascularized and that, if blood vessels are found,
they are secondary to the inflammatory process in the
leaflets6 or to a nonregression of normal fetal vasculariza-
tion.4,5 Rheumatic heart disease is the most common
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The Journal of Thoracic and Caneovascularization with or without inflammation.7,8 The
vessels in rheumatic valve leaflets were found to be
increased in density, thickness, and diameter compared
with normal valve leaflets.7 Likewise, the occurrence of ves-
sels in valves that show clinical or pathologic evidence of
endocarditis can be attributed to inflammatory lesions.9
Previous studies have shown the presence of vessels in
normal valve leaflets across multiple species, including hu-
man beings, with the help of perfusion patterns.6,10-13 There
are scarce data regarding histomorphologic details of blood
vessels in human valve leaflets. We analyzed 240 valve
leaflets to characterize the presence of blood vessels in
normal human tricuspid and mitral valves. In addition, we
also studied age-related histomorphologic changes in atrio-
venticular valve apparatus of human hearts.E
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The study material comprised 60 formalin-fixed human hearts (30 male
hearts and 30 female hearts) obtained retrospectively from the Department
of Histopathology at the Postgraduate Institute of Medical Education and
Research (Chandigarh, India). There was no macroscopic developmental
failure or pathologic change. All the hearts were taken from patients dying
of noninflammatory conditions in the hospital and undergoing routinemed-
ical autopsies in the Department of Histopathology with duly informed
consent from patient’s relatives. The patients dying of inflammatory condi-
tions including rheumatic heart disease, myocarditis, infective endocardi-
tis, and autoimmune diseases involving the heart and patients with
a history of coronary artery disease or ischemic heart diseasewere excluded
from the study. The age range of the patients at time of death was 10 to
70 years, with an average age of 40.6  16.5 years.rdiovascular Surgery c Volume 147, Number 1 517
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SIn each heart, tricuspid andmitral valve apparatuswere excised at anterior
and posterior leaflets along with their chordate tendine and a part of the pap-
illary muscle. These samples, including 120 tricuspid and 120 mitral valve
apparatus, were fixed in 10% buffered formalin and processed routinely
for paraffin embedding. In each case, 5-mm–thick sections were cut and
stained with hematoxylin and eosin for histomorphology. A histochemical
stain using Masson’s trichrome was performed to determine the distribution
of collagen and the extent of fibrosis, along with elastin Van Gieson stain for
elastic and connective tissues and to characterize the vascularity of tissues.
To assess the accumulation of mucopolysaccharide material, a periodic
acid–Schiff–Alcian blue stain was performed on all the samples. Each sec-
tionwas examined for type, location, and number of vessels under a lightmi-
croscope by 2 unbiased observers (U.N.S. and N.S.). The morphometry of
the vessels was performed with the help of V-Test software (size 5.0; Video
Test Company, St. Petersburg, Russia) and the selected sections were photo-
graphed using a Nikon charge-coupled device camera (Melville, NY). Qual-
itative data are expressed as numbers and percentages and quantitative data
are expressed as ranges and means  standard deviation.RESULTS
Light microscopic examination of the atrioventricular
valve apparatus of human hearts showed that blood vessels
in the form of veins, arterioles, small arteries, and capillar-
ies were present in tricuspid and mitral valve apparatus as
follows.Tricuspid Valve
Of the 60 tricuspid valves examined, 12 valves (20%)
were found to have vessels with a male to female ratio of
4:2. The principal vessels in vascularized leaflets were veins
and arterioles, followed by small arteries. The vessels ap-
peared mainly in the fibrosa layer with a range of 1 to 4 ves-
sels. The involvement of the spongiosa layer was less
conspicuous. The mean transverse diameter of these vessels
was 0.23  0.18 mm, with a range of 0.06 to 0.79 mm. No
vessels were seen in the atrialis and ventricularis layers.FIGURE 1. A, Microphotograph showing large-caliber veins in mitral valve le
fibrosis with collagen deposition (magnification,310). C, Elastin VanGieson sta
blue–periodic acid–Schiff stain showing degenerated mucopolysaccharide mat
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Of 60mitral valves examinedmicroscopically, blood ves-
sels were found in 14 (23.33%) samples with a male to
female ratio of 3:4. The vessels were situated mainly in
the spongiosawith a range of 1 to 2 vessels, and occasionally
in the fibrosa (Figure 1). In 2 mitral valve leaflets, a single
vessel was situated in the spongiosa layer andwas projecting
slightly toward the endothelial surface of the leaflet on the
atrial side. None of the leaflets showed vessels in the ventri-
cularis. The prominent vessels in these leaflets were veins
and arterioles. The mean transverse diameter of the vessels
was 0.15  0.08 mm, with a range of 0.04 to 0.4 mm. In 3
mitral valve leaflets, numerous capillaries (range, 3-11)
were found scattered throughout the fibrosa and spongiosa
(Figure 2). These capillarieswere circular with amean trans-
verse diameter of 0.05  0.03 mm (range, 0.02-0.11 mm).
There was no feature to suggest any inflammatory process
in any of the valves. The capillaries appeared in groups
with an average lumen area of 0.39  0.18 mm2.
The present study highlighted a relation between age and
heart valve vascularity. The maximum vascularity was seen
in the fourth decade of life, at which point vessels were
found in 40% of both the tricuspid and mitral valves.
Only 10% of mitral valves in the second decade showed
vessels, whereas in the third decade no vessels were found
in any of the atrioventricular valves. In the fifth decade, only
20% of the tricuspid and mitral valves showed vascularity.
Vessels were found in 40% of the tricuspid and 30% of
the mitral valves in the sixth decade, and in 20% of the tri-
cuspid and 40% of the mitral valves in the seventh decade.
In the seventh decade, blood vessels were found in one
mitral chordae tendinae. In all the specimens examined,
each papillary muscle was vascularized with at least 2 to
3 arterioles.aflet (hematoxylin-eosin stain,310). B, Masson’s trichrome stain showing
in depicting internal elastic lamina of veins (magnification,310). D, Alcian
erial accumulation (magnification, 310).
ery c January 2014
FIGURE 2. A, Microphotograph showing arterioles, capillaries, and venules in mitral valve leaflet (hematoxylin-eosin stain, 310). B, Elastin Van Gieson
stain highlighting the arterioles (arrows) (magnification,310). C,Masson’s trichrome stain showing vessels of small caliber with mild fibrosis (magnification,
310). D, Alcian blue–periodic acid–Schiff stain showing prominent arterioles with basement membrane and capillaries (arrow) (magnification, 320).
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polysaccharide accumulation in these samples, which was
more common in the mitral valves compared with the tri-
cuspid valves. However, no specific distribution of blood
vessels was seen in the tricuspid or mitral valves examined.
Most of the vessels appeared to have a single endothelial
layer and had an average lumen area of 0.50  0.54 mm2
in tricuspid valves and 0.39  0.55 mm2 in mitral valves.
DISCUSSION
Luschka2 was the first to show that both atrioventricular
and semilunar valves contain blood vessels, which subse-
quently was corroborated by many other investigators.3-6,14
For many years, heart valve vascularity has been the
subject of investigation. One theory is that the blood
vessels in human valves are present only when there is
inflammation in the atrial or ventricular aspect of the
leaflet6 or are the result of previous mild, and in most in-
stances completely healed, inflammation.4 This also has
been described that sometimes asymptomatic rheumatic
fever or endocarditis that has completely healed becomes
responsible for the formation of blood vessels in appar-
ently normal atrioventricular valves.4,9 The stimuli for
vessel formation in such instances are the chemotactic
substances produced by inflammation, which stimulate
the proliferation of endothelium of normal vessels.15
Another theory is that a small percentage of normal valves
show a definite and well-organized system of blood
vessels.6 The presence or absence of blood vessels in
valves can become a basis of the pathogenesis of embolic
valvular endocarditis. This is explained as follows, if the
normal valves are vascular, then the bacterial emboli can
enter the valve through these vessels and become arrested
at the closing edge of the valve.6The Journal of Thoracic and CaWe studied the vascularity of 60 anterior and 60 posterior
leaflets of tricuspid and mitral valves along with their chor-
dae tendinae and partial papillary muscles with no evident
cardiac illness. Blood vessels in the form of veins, small
arteries, arterioles, and capillaries were found in both valve
leaflets in the absence of an inflammatory process. In 12%
of tricuspid valve leaflets there were 1 to 4 vessels observed
in the fibrosa layer, whereas in 23.33% of mitral valve leaf-
lets therewere 1 to 2 vessels present mainly in the spongiosa
layer. There was no feature to suggest any inflammatory
processes in these valves. A previous study performed using
radiograph microscopy showed that 16% of the tricuspid
and 10% of the mitral valve cusps were vascularized that
werewithout any gross stigma of rheumatic disease.11 How-
ever, we found a higher percentage of vascularity in mitral
valves compared with the tricuspid valves in our study. This
possibly is because we performed a microscopic study,
which increases the chances of finding blood vessels within
the valves compared with other methods used by previous
investigators such as a radiograph or perfusion study, which
may not detect all types of vessels. In another histochemical
study of normal mitral valve leaflets,16 blood vessels were
found in 50% of valve leaflets and were distributed near
the commissure areas of the auricularis and spongiosa,
which was quite comparable with the distribution pattern
of vessels in our study.
The transverse diameter of the predominant vessels in tri-
cuspid valves was 0.23  0.18 mm (range, 0.06-0.79 mm),
whereas in mitral valves it was 0.15  0.08 mm (range,
0.04-0.4 mm). In a previous vascularity study of 50 mitral
valves with no gross stigma of rheumatic disease, the
wide range of transverse diameters measured was 0.05 to
0.5 mm, and was comparable with our results.15 The vessels
in the present study appeared to have a single endothelialrdiovascular Surgery c Volume 147, Number 1 519
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tricuspid valves and 0.39  0.55 mm2 in mitral valves.
Similarly, another pattern of vascularization study in 6 nor-
mal and 6 rheumatic mitral valves showed an average lumen
area of 0.19 0.28mm2 and 2.14 0.81 mm2, respectively,
which was less than our results of normal mitral valves.7
This study supported the theory that vessels in rheumatic
mitral valves are increased in density, thickness, and diam-
eter compared with normal valve leaflets.7 Becausewe stud-
ied a wide range of cases in different age groups, our values
were higher compared with previous results. However, be-
cause there is a paucity of histomorphologic studies of the
presence of blood vessels in tricuspid leaflets because
they are less likely to be involved in heart valves in various
diseases other than rheumatic heart disease and endocardi-
tis, a definite comparison was not possible.
We also studied the relation between age and heart
valve vascularity. The maximum vascularity was seen in
the fourth decade, followed by the fifth and sixth decades.
The increased vascularity in the fourth decade possibly is
related to the increased mucopolysaccharide accumula-
tion. The vessels could be responsible for the infiltration
of mucopolysaccharide within the valve leaflets. In addi-
tion, there was not much difference in the incidence of
vessels in the tricuspid and mitral valve leaflets in each de-
cade. In a previous study conducted by injecting dye into
normal mitral valves in all age groups from birth to the
ninth decade, a relationship was shown for the presence
of vessels in the valves with age, but no accurate statistics
were given in different age groups, which made us unable
to compare our results.4 The blood vessels were found in
one of the mitral chordae tendinae in a 65-year-old man.
The presence of vessels characterize the chordae tendineae
as complex components that work in coordination with the
papillary muscles and valve leaflets to ensure proper phys-
iological valve functions. This finding is in accordance
with a previous study on structural characterization of
chordae tendinae in native porcine mitral valves that
also showed that blood vessels were present in the longi-
tudinal and circumferential directions of the chordae.17
The histologic sections in our study showed that at least
2 to 3 arterioles were present in each papillary muscle,
which was supported by another study conducted on 54
human hearts using coronary angiography, arterial casts,
and histologic sections.11
The present study also examined age-related degenera-
tive changes in the form of disruption of collagen bundles
within fibrosa and accumulation of mucopolysaccharide
in spongiosa and fibrosa layers of valve leaflets. The major-
ity of the vessels were reported in those sections, which
showed moderate to marked grades of accumulation of mu-
copolysaccharide. The question is whether the vessels that
are present in valves are responsible for mucopolysaccha-
ride material and bacterial emboli infiltration within the520 The Journal of Thoracic and Cardiovascular Surgleaflets, which leads to valvular insufficiency and endocar-
ditis, respectively. The increase in the extent of mucopoly-
saccharide material along with thickened fibrosa usually
accompanies floppy or myxomatous valve syndrome.18
This suggests that the presence of vessels does not depend
solely on the inflammation of valves but also depends on de-
generative changes, including myxomatous degeneration
within the valve leaflets.
We determined the relationship between vascularity and
degenerative changes in aging heart valves. In addition, in
most cases previous studies did not include the histomor-
phologic aspect of vessels in valve leaflets. In all the micro-
scopically examined sections of tricuspid and mitral valve
leaflets, the basic structural change was collagen degenera-
tion along with accumulation of mucopolysaccharide and
hyalinization of chordae tendinae. Inflammation, calcifica-
tion, Aschoff nodules, and endocardial reduplication were
not found in any of the tricuspid and mitral valve leaflets.
Thus, we conclude that the vascularity of artioventricular
valve leaflets can be seen in the absence of inflammation
and has a relationship with age-related degenerative
changes of heart valves. The blood vessels in atrioventricu-
lar valves are not vestigial holdovers, but likely are
a necessary component that requires the development of
tissue-engineered valves that resemble a native valve. The
procedures involving tissue engineering are promising for
autologous and functional heart valve replacements. It is
important to consider the presence of vessels in atrioventric-
ular valves during their repair and remodeling to assess
long-term outcomes. Despite successful tissue engineering,
the implanted tissues are incapable of stimulating vascula-
ture for their survival. Thus, if vascularity in atrioventricu-
lar valve leaflets is considered, it may be easy to develop an
engineered valve resembling a native valve that may have
the potential to last longer. This information is useful not
only from a histologic point of view but also for its bearing
on the interpretation of disease processes in cardiovascular
interventions and surgeries.
The present study was limited because of the small num-
ber of cases and because surgical tissue was not included.
Thevalvevascularitywas not studied by immunohistochem-
istry and we did not compare the valve leaflet vascularity in
normal and diseased valve leaflets, where the vascularity is
reported to be increased secondary to inflammation.
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